Introduction
============

Worldwide, 12 billion treatments are made by injection every year. Of these, 5% or less are vaccinations and \>95% are injections made for therapeutic purposes.[@b1-ppa-12-1749] It is of major importance that intramuscular injections (IMIs) are administered with the right technique. In the right technique, it becomes crucial to identify the IMI site accurately.[@b2-ppa-12-1749] When the proper technique is not used for IMI and the injection site is not accurately identified, sterile abseil, infection, tissue irritation, periostitis, muscle fibrosis and contracture, necrosis and gangrene, intramuscular hemorrhage and pain may occur.[@b3-ppa-12-1749]--[@b5-ppa-12-1749]

Although the literature indicates that all injection sites for IMI can be used in adults according to the condition of the patient, the results of evidence-based studies in recent years indicate that the area of ventrogluteal (VG) injection site is the safest injection site.[@b6-ppa-12-1749]--[@b9-ppa-12-1749] The thickness of the subcutaneous tissue in this site is lower than those of the other injection sites,[@b10-ppa-12-1749],[@b11-ppa-12-1749] the nerves and veins are relatively few in number, while the muscles in the site are large and well established. It is much easier to find the limit points for application. In the literature, it is stated that the muscles in the VG site are well developed, and that it is a suitable site for especially intense and irritating drugs.[@b12-ppa-12-1749],[@b13-ppa-12-1749]

Many studies have revealed the reasons why the VG site is not preferred for IMI practices. Wynaden et al[@b6-ppa-12-1749] and Engstrom et al[@b14-ppa-12-1749] reported that nurses did not routinely use this site as they believed that the VG site was not as safe as the dorsogluteal (DG) site. The anatomically small structure of the VG site, the difficulty of determining the site, and the concern that the patient may be harmed cause nurses to avoid using this site.[@b12-ppa-12-1749],[@b14-ppa-12-1749] In case of overweight patients, nurses' level of anxiety increases.[@b6-ppa-12-1749],[@b14-ppa-12-1749],[@b15-ppa-12-1749] Similarly, in their study which analyzed the knowledge, views and practices of nurses regarding VG site injection, Tuğrul and Denat[@b2-ppa-12-1749] found that 38.8% of the nurses never used the VG site. The reason for this was that most of the nurses (72.9%) had no adequate knowledge of the VG site, and almost half of the nurses (44.7%) were worried for they had never used this site. Greenway et al[@b15-ppa-12-1749] reported that nurses did not know how to administer an injection to the VG site, and also that they thought they would harm this tissue and were reluctant to use the site.

According to the results of the study conducted by Güneş et al,[@b17-ppa-12-1749] 78.2% of the nurses had never used the VG site. In the study of Gülnar and Çalışkan,[@b18-ppa-12-1749] it was found that 85.9% of the nurses most frequently used the DG site while 63.3% never used the VG site. Although there is a great quantity of information to support the use of VG site, the promotion of its use in clinical settings is relatively slow.[@b13-ppa-12-1749] Many nurses have been informed about the VG site, but are reluctant to use it.[@b13-ppa-12-1749] It is seen that the reasons for this reluctance include the difficulty and concern about determining the site. It is thought that this condition might be related to the failure in transferring the research results to clinical settings. There are a very limited number of studies analyzing the reflections of recent developments in IMIs on the application practices and the knowledge, opinions and practices of nurses regarding VG injection site, and evaluating the effectiveness of the related trainings. This study was planned with the purpose of determining the impact of education on the knowledge, opinions and practices of the nurses regarding the use of the VG site for IMI.

Subjects and methods
====================

Type of research
----------------

The research was carried out in a semi-experimental (pretest--post-test) pattern using the training program.

The population and sample of the research
-----------------------------------------

The population of the research was composed of 120 nurses working in a private hospital in Turkey. In the study, nurses working in the operating room (n=25), outpatient clinics (n=15) and clinics without IMI practice (n=30) were excluded from the sample. The sample of the research consisted of 50 nurses.

Data collection tools
---------------------

The data collection form was prepared by the researchers using the literature.[@b2-ppa-12-1749],[@b18-ppa-12-1749] The form consists of four parts.

In the first part, there are nine questions on the nurses' descriptive characteristics (age, gender, education, length of employment) and their IMI practices. In the second part, there are five questions on the nurses' use of the VG site for IMI.

In the third part, there are a total of 28 questions investigating their knowledge of the VG site for IMI (VG region includes gluteus medius and gluteus minimus muscles, it is safe for injection, large volume muscles such as the VG region can take up to 3 mL of medication, in order to detect the VG region, etc.). Of these statements, 14 were prepared as correct and 14 as incorrect, and the nurses were asked to respond to these statements with the options "true", "false" or "do not know". From a total of 28 points, the correct replies received 1 point each while the incorrect and "do not know" replies received 0 points. According to these results, the mean knowledge scores of the nurses were calculated. For the validity of the scope of the questions prepared, expert opinions were obtained from four faculty members. Necessary changes were made in the data collection form in accordance with the opinions of the experts.

In the fourth part, the "state--trait anxiety inventory" developed by Spielberger et al (1970) was used. It was adapted to Turkish by Öner and Le Compte in 1977. The state--trait anxiety inventory describes how individuals feel at a particular moment in time under certain conditions.[@b19-ppa-12-1749] There is no time limit for the response process. The emotions or behaviors expressed in the state anxiety inventory items are rated according to the intensity of the experience as 1) not at all, 2) somewhat, 3) moderately so and 4) very much so. The inventory includes direct- and reverse-worded items. Direct-worded items express negative emotions, while reverse-worded items express positive emotions. A score of 4 points in direct-worded items and a score of 1 point in reverse-worded items indicate a high level of anxiety.[@b20-ppa-12-1749]

Implementation of the research
------------------------------

Pre-tests (data collection form, state--trait anxiety inventory) were conducted with the nurses who completed the informed consent form between 25 April and 6 May 2016. According to the pre-test results, the nurses participated in the training planned by the researchers on 17--18 May 2016. Due to the number of nurses, trainings were conducted in four sessions (2 hours of theory, 2 hours of laboratory work on a model). After the training was completed, the post-tests (data collection form, state--trait anxiety inventory) were conducted. Following the training, the nurses were given "Standard Practice Guidelines for Ventrogluteal Site Injection" developed by the researchers to help them remember the training in clinical settings. One week after the completion of the training sessions, nurses were given the post-test (data collection form, state-trait anxiety inventory) and they were asked to answer.

Data analysis
-------------

Statistical analysis was performed using the IBM Statistical Package for Social Sciences v22 software (IBM Corp., Armonk, NY, USA). Descriptive statistics were presented as the mean and SD. Percentage was used to evaluate the descriptive characteristics of the nurses, while the chi-squared significance test was used to compare the characteristics of the individuals. Student's *t*-test, Kruskal--Wallis and 2-related samples test were performed in order to compare pre-test and post-test scores of the groups. A *P*-value of \<0.05 was considered statistically significant.

Ethical considerations
----------------------

Researchers obtained permission from the hospital where the study was conducted. Before the collection of data for the study, consent was obtained from the non-interventional research ethics committee of Dokuz Eylül University (reference number: 2713-GOA, 2016/14--09). The study was conducted in accordance with the Declaration of Helsinki Principles. All the nurses were given information about the study and its aims, and were told that the participation was voluntary with no negative repercussions for nonparticipation. Contact information was provided along with the questionnaire. The nurses' oral and written informed consents were obtained.

Results
=======

The descriptive characteristics of the nurses participating in the study are given in [Table 1](#t1-ppa-12-1749){ref-type="table"}. The mean age of the nurses was 25.80±5.02, 92.0% were female and 56.0% were graduates of the Vocational School of Health. The average number of years in clinical practice was 3.25±3.05. A great majority of the nurses (84.0%) stated that they did not receive IMI-related training on VG site IMI.

It was found that 34.0% of the nurses frequently administered IMI, more than half (56.0%) always used the DG site and the majority of the nurses (74.0%) never preferred the VG site ([Table 2](#t2-ppa-12-1749){ref-type="table"}).

It is observed in [Table 3](#t3-ppa-12-1749){ref-type="table"} that before training, most of the nurses (64%) expressed that the DG site was the safest site for injection. Few of the nurses (18.0%) stated that the VG site was a safe site for IMI. When the reasons why the nurses did not prefer the VG site were examined, it was seen that the nurses expressed that they did not know how to identify the site (32.0%) and there was a high probability of reaching the bone tissue (26.0%). It was determined that a great majority of the nurses (80.0%) did not know that the use of VG site for IMI was recommended in the literature.

[Table 4](#t4-ppa-12-1749){ref-type="table"} shows that while the mean knowledge score of the nurses regarding the VG site use for IMI was 12.40±6.89 before training, it increased to 21.80±1.95 after training and the difference was statistically significant (*P*\<0.05). It was determined that the nurses' level of anxiety was above average before training (39.22±10.16) and it decreased after training (37.52±8.54) and the difference was not statistically significant (*P*\>0.05).

The distribution of the mean knowledge scores regarding the VG site IMI according to certain characteristics of the nurses is shown in [Table 5](#t5-ppa-12-1749){ref-type="table"}. There was no difference in the mean knowledge scores according to age, gender, educational status, years of study in nursing and IMI-related training status before and after training (*P*\>0.05). The table shows that both the 18--27 age group (before training: 12.94+6.37, after training: 21.97+2.03) and the 28--37 age group (before training: 11.25+8.00, after training: 21.43+1.73) showed an increase in the information point average after training and this difference was statistically significant (*P*\<0.05). Similarly, when considering the level of education, years of study in nursing, IMI-related training, identification of VG site, knowledge of the recommendation of the VG site in the literature and safe choices for IMI, it was found that the post-training mean knowledge scores in the intra-group evaluations increased compared to the previous one and this difference was statistically significant (*P*\<0.05). When the gender variables were examined, it was found that the difference in mean knowledge scores was statistically significant for female nurses (before training: 12.52+6.78, after training: 21.91+1.94; *P*\<0.05).

Discussion
==========

The aim of the study was to assess whether the nurses' level of knowledge regarding the use of the VG site for IMI would change after the training.

In this study, 34.0% of the nurses frequently used IMI and more than half (56.0%) of them always used the DG site. It was also found that a vast majority of the nurses (74.0%) never preferred the VG site. In literature, it is reported that the majority of nurses preferred using the DG site, which was also supported by other researchers.[@b2-ppa-12-1749],[@b21-ppa-12-1749]--[@b25-ppa-12-1749] It is stated that nurses' reluctance to use the VG site is caused by lack of confidence about the implementation of the procedure,[@b26-ppa-12-1749] lack of knowledge on safe gluteal IMI sites and its logic[@b27-ppa-12-1749] and traditional approaches.[@b2-ppa-12-1749],[@b24-ppa-12-1749] Prior to the training, it was seen that most of the nurses (64%) identified the DG site as the safest site for injection. A small number of nurses (18.0%) stated that the VG site was a safe site for IMI. In their study, Freitag et al[@b23-ppa-12-1749] also determined that nurses were not informed about the significance of the VG site. Surprisingly, in the study of Tuğrul and Denat,[@b2-ppa-12-1749] nurses stated that they most frequently used the DG site while they identified the VG as the safest site. For the past 20 years, the VG site has been considered to be a safer and more suitable injection site than the DG site.[@b21-ppa-12-1749]

When the reasons why the nurses did not prefer the VG site before the training were examined, it was seen that 32% of the nurses did not know how to identify the site. Wynaden et al,[@b6-ppa-12-1749] Tuğrul and Denat[@b2-ppa-12-1749] and Freitag et al[@b23-ppa-12-1749] found that nurses had difficulty in identifying the VG site anatomically. If the medication given using IMI does not reach the correct site and absorption of medication is incomplete, the serum level of the medication may impact negatively on the patient's health outcomes.[@b28-ppa-12-1749]

In the study, the reasons why nurses did not use the VG site for IMI were examined. One of the reasons is the belief that the risk of reaching the bone tissue of the needle is high (26.0%). However, in the literature,[@b29-ppa-12-1749] it is stated that the VG site is distant from the bone tissue. Masuda et al[@b30-ppa-12-1749] reported that the injection needle to be used for people with standard body shape would not contact the iliac bone as long as it is \<\~45 mm. In Turkey, the needles used for IMI are 2.5--4 cm long and 21 G.

Another reason is the possibility of the patient rejecting the operation because of not being familiar with the site (24.0%). The study of Tuğrul and Denat[@b2-ppa-12-1749] reveals a similar result. Wynaden et al[@b6-ppa-12-1749] reported that site selection for IMIs was predominantly made by patients, and that the acuity of the patient was supported by the nurse. Of the nurses, 16% reported that they did not prefer the VG site as it would cause too much pain. The results of the study conducted by Tuğrul and Denat[@b2-ppa-12-1749] are also parallel. However, Güneş et al[@b29-ppa-12-1749] and Moharreri et al[@b31-ppa-12-1749] found that patients felt less pain with VG site injection when compared to the DG site injection. Coskun et al[@b24-ppa-12-1749] stated that less pain is experienced in the VG site since there are no major neurovascular structures in the site. Furthermore, the thickness of the subcutaneous (SC) in the site is small, which is another reason why less pain is experienced.[@b10-ppa-12-1749],[@b24-ppa-12-1749]

It is known that muscle thickness in the injection site is significant for drug emulsion.[@b29-ppa-12-1749],[@b30-ppa-12-1749] In the study, although it is a small number, 6% of the nurses identified the small muscle size of the VG site as another reason for not using the site. In the literature, there is information on the large structure of the muscle layer in the VG site.[@b18-ppa-12-1749],[@b30-ppa-12-1749] On the other hand, Yalcin et al[@b21-ppa-12-1749] and Coskun et al[@b24-ppa-12-1749] found that there was no statistically significant difference between the muscle thickness of VG and DG sites. Furthermore, Kaya et al[@b10-ppa-12-1749] and Elgellaie et al[@b11-ppa-12-1749] reported that the muscle tissue in the VG site was thicker.

It is reported that the reasons for the common use of the DG site include its easy accessibility, the belief that it has larger muscle structure and that it would cause less pain and the influence of patients' preferences.[@b28-ppa-12-1749]

On the other hand, it was determined that a great majority of the nurses (80.0%) were not informed about the fact that the VG site use was recommended for IMI in the literature. It is stated in the literature[@b32-ppa-12-1749] that VG has been identified as a safe site for IMI since the 1960s. The use of VG site for IMIs was proposed for the first time by the Swiss anatomist against the reported problems about the DG site.[@b32-ppa-12-1749] Given the results of all studies, IMI emerges as a practice where the teachings of senior colleagues are traditionally taken into consideration and where the guidelines revealing the best clinical evidence are not used.

In our study, it was found that the mean knowledge score of the nurses about the use of VG site for IMI increased significantly after training (*P*\<0.05). Şanlıalp and Kurban[@b33-ppa-12-1749] and Altun et al[@b34-ppa-12-1749] also found that the number of correct answers of nurses increased after the IMI training. Hdaib et al[@b35-ppa-12-1749] reported that the nursing students' level of knowledge increased after the IMI training. In their study, Gülnar and Özveren[@b25-ppa-12-1749] found that the nurses' knowledge scores increased, and that the follow-up after 4 months revealed that the nurses started to frequently use the VG site in clinics. In the study, it was also found that, prior to the training, the anxiety levels of the nurses were higher than the average (39.22±10.16) and that their anxiety levels decreased (37.52±8.54) after the training (*P*\>0.05). In their study conducted to create a change in the nurses' injection technique, Wynaden et al[@b28-ppa-12-1749] reported that only 51% of the nurses used the technique despite a statistically significant change. Cocoman and Murray[@b4-ppa-12-1749] reported that it was a difficult task to change the working habits and routines of experienced professionals. In accordance with these results, it was revealed that nurses were reluctant to change and that change in practice at a clinical level was a slow process.[@b6-ppa-12-1749],[@b15-ppa-12-1749],[@b16-ppa-12-1749],[@b28-ppa-12-1749],[@b29-ppa-12-1749],[@b36-ppa-12-1749]

When the mean knowledge scores of the nurses according to their year of study in nursing were examined, it was determined that the mean knowledge scores increased significantly according to the pre-training (*P*\<0.05). Prior to the training, the mean knowledge scores of the nurses who did not have knowledge of VG site identification were relatively lower (6.87±7.08) with a statistically significant difference (*P*\<0.05); however, it was determined that the mean knowledge scores of the nurses in this group were increased and meaningful after the training (*P*\<0.05). When examined according to their IMI-related training status, it was seen that the mean knowledge score of the nurses increased after the training (*P*\<0.05). Similarly, it was found that the mean knowledge score of the nurses who were not informed about the recommendation of the use of VG site in the literature[@b9-ppa-12-1749],[@b18-ppa-12-1749],[@b37-ppa-12-1749] was lower than that of the nurses who were informed before the training and the difference was statistically significant (*P*\<0.05); it was determined that the mean knowledge scores of this group of nurses increased significantly after the education (*P*\<0.05). In the study of Şanlıalp and Kurban,[@b33-ppa-12-1749] similar findings were observed.

In the study, it was found that the mean knowledge score of the nurses who found the VG site for IMI to be safe was higher than those of the other groups at a statistically significant level (*P*\<0.05). It was determined that the mean knowledge score of the nurses increased after the training (*P*\<0.05).

Conclusion
==========

Although participating in a training on the use of VG site for IMI is effective in raising the level of knowledge, its impact on creating a behavioral change is limited. For this reason, while conducting training programs on the use of VG site for IMI, it is necessary to plan more than one training session and demonstration practices. For planning a change in clinical setting, the individual and interpersonal characteristics of the participants should also be taken into consideration.

While developing the best techniques for practice, it is of equal importance to both review the scientific literature in the field and evaluate the current practice. When the best guidelines for practice are developed, it is necessary to consider the theoretical and clinical aspects of the new guidelines. Ongoing training is essential to ensure that the guidelines developed are followed by staff and that the practice is maintained over time.
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###### 

Descriptive characteristics of the nurses (N=50)

                                                                             n    \%
  -------------------------------------------------------------------------- ---- ------
  **Age (X**=**25.80**±**5.02, min**=**18 max**=**37)**                           
  18--27 years                                                               34   68.0
  28--37 years                                                               16   32.0
  **Gender**                                                                      
  Female                                                                     46   92.0
  Male                                                                       4    8.0
  **Level of education**                                                          
  Vocational School of Health                                                28   56.0
  Two-year degree                                                            2    4.0
  Bachelor's degree                                                          20   40.0
  **Year of study in nursing (X**=**5.68**±**4.67, min**=**1 max**=**17)**        
  0--1 year                                                                  11   22.0
  2--6 years                                                                 20   40.0
  7 years and above                                                          19   38.0
  **IMI-related training**                                                        
  Yes                                                                        8    16.0
  No                                                                         42   84.0

**Abbreviation:** IMI, intramuscular injection.

###### 

Sites used for IMI by nurse and their frequency of use

                                       n    \%
  ------------------------------------ ---- ------
  **Frequency of administering IMI**        
  Always                               17   34.0
  Frequently                           9    18.0
  Sometimes                            9    18.0
  Rarely                               13   26.0
  Never                                2    4.0
  **Use of dorsogluteal site**              
  Always                               28   56.0
  Sometimes                            9    18.0
  Never                                13   26.0
  **Use of ventrogluteal site**             
  Always                               5    10.0
  Sometimes                            8    16.0
  Never                                37   74.0
  **Use of deltoid site**                   
  Always                               10   20.0
  Sometimes                            21   42.0
  Never                                19   38.0
  **Use of lateral femoral site**           
  Always                               8    16.0
  Sometimes                            31   62.0
  Never                                11   22.0
  **Use of rectus femoris**                 
  Always                               3    6.0
  Sometimes                            10   20.0
  Never                                29   58.0
  Unanswered                           8    16.0

**Abbreviation:** IMI, intramuscular injection.

###### 

Nurses' condition of administering VG site injection for IMI, safe choices and reasons for avoiding VG site IMI prior to the training

                                                                             n    \%
  -------------------------------------------------------------------------- ---- ------
  **Safe choices for IMI**                                                        
  Dorsogluteal site                                                          32   64.0
  VG site                                                                    9    18.0
  Lateral femoral                                                            5    10.0
  Deltoid                                                                    3    6.0
  Rectus femoris                                                             1    2.0
  **Reasons for avoiding the VG site for IMI**                                    
  I do not know how to identify the site                                     16   32
  I think that the needle will reach the bone tissue                         13   26
  Patients may refuse because they are unfamiliar                            12   24
  I think it will cause more pain                                            8    16
  I think the muscle in the site has a small structure                       3    6
  **Knowledge of the recommendation of the VG site use in the literature**        
  Yes                                                                        10   20
  No                                                                         40   80

**Abbreviations:** IMI, intramuscular injection; VG, ventrogluteal.

###### 

Distribution of the nurses' mean scores of their levels of knowledge and anxiety regarding the use of ventrogluteal site for IMI before and after training

              Before training   After training   Student's *t*-test
  ----------- ----------------- ---------------- ------------------------------
  Knowledge   12.40±6.89        21.80±1.95       *t*=−9.672; ***P***=**0.00**
  Anxiety     39.22±10.16       37.52±8.54       *t*=1.127; *P*=0.265

**Note:** Significance values are written in bold.

###### 

Distribution of the mean knowledge scores regarding the VG site use for IMI according to certain characteristics of nurses

  -------------------------------------------------------------------------------------------------------------------------------------
  Descriptive characteristics                                                n    Before training     After training   Test results
  -------------------------------------------------------------------------- ---- ------------------- ---------------- ----------------
  **Age**                                                                                                              

  18--27 years                                                               34   12.94±6.37          21.97±2.03       *Z*=−4.989\
                                                                                                                       *P*=0.000

  28--37 years                                                               16   11.25±8.00          21.43±1.73       *Z*=−3.523\
                                                                                                                       *P*=0.000

  **Test results**                                                           50   *Z*=−0.553\         *Z*=−0.991\      
                                                                                  *P*=0.580           *P*=0.322        

  **Gender**                                                                                                           

  Female                                                                     46   12.52±6.78          21.91±1.94       *Z*=−5.828\
                                                                                                                       *P*=0.000

  Male                                                                       4    11.00±9.12          20.50±1.91       *Z*=−1.826\
                                                                                                                       *P*=0.068

  **Test results**                                                           50   *Z*=−0.144\         *Z*=−1.432\      
                                                                                  *P*=0.886           *P*=0.152        

  **Level of education**                                                                                               

  Vocational School of Health                                                28   12.42±6.47          22.00±2.10       *χ*^2^=27.000\
                                                                                                                       *P*=0.000

  Two-year degree                                                            2    17.50±0.70          19.00±2.82       *χ*^2^=0.000\
                                                                                                                       *P*=1.000

  Bachelor's degree                                                          20   11.85±7.75          21.80±1.50       *χ*^2^=20.000\
                                                                                                                       *P*=0.000

  **Test results**                                                           50   *χ*^2^=1.027\       *χ*^2^=2.786\    
                                                                                  *P*=0.599           *P*=0.248        

  **Year of study in nursing**                                                                                         

  0--1 year                                                                  11   12.81±5.82          22.63±1.12       *χ*^2^=11.000\
                                                                                                                       *P*=0.001

  2--6 years                                                                 20   11.75±7.39          21.05±2.06       *χ*^2^=15.211\
                                                                                                                       *P*=0.000

  7 years and above                                                          19   12.84±7.22          22.10±2.02       *χ*^2^=19.000\
                                                                                                                       *P*=0.000

  **Test results**                                                           50   *χ*^2^=0.131\       *χ*^2^=4.492\    
                                                                                  *P*=0.937           *P*=0.106        

  **IMI-related training**                                                                                             

  Yes                                                                        8    13.62±7.68          22.00±1.60       *Z*=−2.524\
                                                                                                                       *P*=0.012

  No                                                                         42   12.16±6.81          21.76±2.03       Z=−5.563\
                                                                                                                       *P*=0.000

  **Test results**                                                           50   *Z*=−0.783\         *Z*=−0.255\      
                                                                                  *P*=0.433           *P*=0.799        

  **Identification of VG site**                                                                                        

  Yes                                                                        34   15.00±5.10          21.97±2.02       *Z*=−4.981\
                                                                                                                       *P*=0.000

  No                                                                         16   6.87±7.08           21.43±1.82       *Z*=−3.519\
                                                                                                                       *P*=0.000

  **Test results**                                                           50   *Z*=−3.569\         *Z*=−0.980\      
                                                                                  ***P***=**0.00**    *P*=0.327        

  **Knowledge of the recommendation of the VG site use in the literature**                                             

  Yes                                                                        10   15.45±5.05          22.15±1.81       *Z*=−5.420\
                                                                                                                       *P*=0.000

  No                                                                         40   10.36±7.28          21.56±2.04       *Z*=−2.807\
                                                                                                                       *P*=0.005

  **Test results**                                                           50   *Z*=−2.593\         *Z*=−1.124\      
                                                                                  ***P***=**0.010**   *P*=0.261        

  **Safe choices for IMI**                                                                                             

  Dorsogluteal site                                                          32   11.37±7.00          21.81±1.74       *χ*^2^=32.00\
                                                                                                                       *P*=0.000

  VG site                                                                    9    17.66±1.58          22.44±2.18       *χ*^2^=8.00\
                                                                                                                       *P*=0.005

  Others[a](#tfn5-ppa-12-1749){ref-type="table-fn"}                          3    10.77±7.79          21.11±2.42       *χ*^2^=5.444\
                                                                                                                       *P*=0.020

  **Test results**                                                                *χ*^2^=6.679\       *χ*^2^=2.003\    
                                                                                  ***P***=**0.035**   *P*=0.367        
  -------------------------------------------------------------------------------------------------------------------------------------

**Notes:**

Deltoid, lateral femoral and rectus femoris. Significance values are written in bold.

**Abbreviations:** IMI, intramuscular injection; VG, ventrogluteal.
